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prompted a relatively recent interest in short-term memory. Their experiment was the forerunner of most of the subsequent research in short-term memory and was undertaken to examine a concept of forgetting which occurred during the acquisition process. Basically, the procedure used was to have the S hear a single COG tri.gram and attempt to recall it a few seconds later. To prevent rehearsal of the trigram, the S was required to count backwards by threes and fours during the retention interval. Every S underwent repeated testing with different CCC trigrams and different retention intervals during the course of an experimental session. The interval between the signal for recall and the start of the next presentation was 15 seconds. Forgetting was found to progress at different rates dependent on the amount of controlled rehearsal of the stimulus. Prom, these results, it was concluded that short-term retention was an important aspect of the acquisition process. The authors assumed that neither proactive inhibition (Pi) from COG trigrams previously heard nor retroactive inhibition (Rl) from the digits spoken during the retention interval was sufficient to account for the forgetting which they observed.
Subsequently, these assumptions were questioned on both methodological and theoretical grounds. Murdock (1961) performed a study to determine if the number of items in the stimulus to be remembered was a significant variable in short-term memory, if there was a significant PI effect, and if the rate of interpolated activity would have an effect on short-term retention. The author concluded that both the number of items of information to be remembered and PI were significant variables in shortterm memory, whereas rate of interpolated activity was not.
The experiment to test for PI effects used stimuli of single monosyllabic words. The to-be-remembered stimulus word was preceded by 0, 3, 6, 9, or 12 of the same kind of stimulus words, but the S was asked to recall only the last stimulus word. The interpolated activity was counting backward for 3, 6, 9, 12, or 18 seconds. It was found that both variables (number of prior words and retention interval) were significant. These results were interpreted to signify that PI was a primary cause of forgetting in short-term memory.
An experiment by Keppel and Underwood (1962) was designed to obtain data which would aid in interpreting theoretically the rapid forgetting of single items. The authors were primarily concerned with finding out if the role of PI for short-term memory was different than for long-term memory.
In this procedure, successive testing showed a large drop in proportion correct from the first item to the second item in each test. The authors interpreted this drop in retention as suggesting a severe PI effect produced "by a single prior item. Significant drops in proportion correct from the second to subsequent items were not found to occur for tests with 3-second retention intervals and retention for items over these intervals remained relatively constant. However, when the retention intervals were increased to 18 seconds, severe PI was found to build up continually with successive tests. The authors concluded that PI in short-term memory of single items followed the same laws as PI in long-term memory. Loess (1964) designed an experiment based on a suggestion by Keppel and Underwood (1962) that it should be possible to demonstrate PI with longer series of items than they used and for retention intervals greater than 18 seconds.
The result of this experiment failed to demonstrate the predicted Interaction between forgetting and length of retention interval. The author concluded that much, if not all, of the forgetting observed in short-term memory experiments could be attributed to the rapid development of PI. However, no continued decrement was shown after the first few trigrams in a series, which was in direct opposition to the view of Keppel and Underwood (1962) that PI continued to build up over successive tests when retention intervals of 18 seconds were used. A similar result was also found "by Peterson and James (1967) who concluded that PI did not increase with time beyond the first few trials. They concluded that PI was a function of recency of the interfering material. • Loess (1968) also demonstrated that PI could develop rapidly and did not continue to increase over a series of trials. A single item provided almost maximum interference for succeeding similar
Items.
It was evident that considerable data supported the inference that in short-term memory PI developed rapidly and appeared to level off to a constant amount quickly. This implied that the effects of PI were dissipated in time. As a series of trials proceeded, Trial 1 provided PI for Trial 2; Trial 2 provided PI for Trial 3, but the PI from Trial 1 was dissipated and did not increase the net PI; Trial 3 provided PI for Trial 4, but the PI from Trials 1 and 2 was dissipated and did not add to the net PI exerted on the following trials; etc. The number of trials which were found to carry over the PI from one trial to the next varied with different experimenters, but generally, after Trial 3 no significant PI increase was found to occur except by Keppel and Underwood (1962) . This relationship implied that PI was dissipated over a period measured in seconds. There was evidently some length of intertrial interval (ITI) which allowed PI from Trial 1 to "be dissipated enough, to prevent interference with retention of Trial 2.
An indication of the extent of this ITI limitation on PI was found "by Peterson and Gentile (1965) when no PI for the first trial of a block of trials occurred if blocks were separated "by 91 seconds. In their experiment, several series of trials ("blocks) were separated "by a period of 91 seconds "between the ending of the last item of a block of trials and the beginning of the first item on the following block of trials. It was assumed by the authors that the effect of PI from one block of trials on the following block was dissipated because the retention of Trial 1 on all blocks of trials was equivalent, but Trial 2 and succeeding trials showed a marked decrement in retention. These authors suggested that ITI might well be utilized more often in short-term memory research to overcome problems of confounding in the use of repeated measures. Loess and Waugh (1967) Additionally, the differences between retention of Trial 1 and Trial 2 decreased as ITI increased. The authors concluded that an ITI of 60 seconds was hot sufficient to dissipate the effects of PI from Trial 1 to Trial 2 and accordingly conducted another similar experiment where the ITIs were increased to 120, 180, 'and 300 seconds. The results of this experiment showed that retention did not differ significantly as a function of ITI, which they interpreted as indicating that the effect of PI was dissipated over ITIs of 120 seconds or more.
It was evident that the main inference of' PI in shortterm memory was based on the large decrease in retention between Trial 1 and Trial 2 of a series of trials. This decrease in retention was generally attributed to PI beingabsent for Trial 1 but present for Trial 2. When these two trials were separated by an ITI large enough to dissipate PI, no PI effect was found. The validity of this interpretation of results by many experimenters would have been questionable if this decrease of retention between the first and succeeding trials could have been attributed to some effect v/hich enhanced retention of Trial 1 rather than assuming that Trial 1 retention was a baseline. Such an interpretation was proposed Toy some investigators (Loess, 1968; Murdock, 1964; Schwartz, 1969) . These investigators indicated the possibility of a primacy effect of some kind which may have aided retention of the first trial of a series above the normal retention ability of a S. Loess (1968) indicated that it was not really clear whether other factors such as a selector mechanism or a von Restorff-like perceptual enhancement might play a part. Murdock (1964) concluded that with paired associates, a primacy effect was evident which disappeared with practice, but the disappearance was compensated for by an improvement in retention of the last item of the list. Because of thisj he concluded that PI did not appear to be a major cause of forgetting in short-term memory of paired associates. Schwartz (1969) concluded that it seemed more likely that such a short-term effect was motivational, broadly defined, rather than associative in nature. £3s may have relaxed after a few initial trials or lost interest in the task.
Experimental evidence was needed to help answer the question of whether the decrease in retention from Trial 1 to Numerous investigators (Loess, 1967 (Loess, , 1968 Turvey, Cremins, & Lombardo, 1969; Wickens, Born, & Allen, 1963 ) have demonstrated that the effects of PI appeared when the proactive items were of the same class as the test items and that PI was absent when the proactive items were of a different class than the test items. The present experiment used these principles to set up experimental and control groups of Ss. The test requirements of these two groups differed "by the independent variable of PI added to Trial 1 for the experimental group without affecting the primacy effect of Trial 1 of either group. Trials 1 and 2 were identical for both groups except that two stimulus items were provided prior to the test item of Trial 1 for both groups. For the experimental group, these two items were of the same class as the test Item; thus adding PI to the Trial 1 test item. For the control group, these two items were of a different class than the test item;
thus minimizing PI for the Trial 1 test item. Trial 1 for both groups was still the first trial and had the same primacy effect for both groups. It was hypothesized that if a difference in retention occurred between these two groups, then PI was the factor which caused decreased retention of the second and succeeding trials. However, if both groups showed the same retention for Trial 1, then a primacy effect was the contributing factor to enhance retention of Trial 1 over a normal retention baseline. It was also hypothesized that if PI was the significant variable in short-term memory rather than a primacy effect, the same data could be used to further define the limits of the effects of PI by adding a Trial 2 after varying ITIs in a manner similar to that of Loess and Waugh (1967) .
Method

Subjects
The Ss were 44 male and female college students from
Worth Texas State University. The classification of the Ss ranged from freshmen to graduate students, lost of the Ss who participated in the experiment were given tonus points on their grade in undergraduate psychology classes, but some of the undergraduates and all of the graduates participated voluntarily without any kind of compensation.
All Ss were randomly assigned to an experimental condition by predetermining the sequence of conditions with each S being assigned to the experimental condition which occurred next when the _S reported for the experiment. All Ss selected the time to participate within the framework of scheduled times. Pour experimental conditions were involved, and 11 Ss were assigned to each of the conditions. Because of a malfunction of the tape recorder, all responses for one _S were lost, and the experimental condition was repeated for the next S who participated in the experiment. Because of this replacement, a total of 45 Ss were tested, but data were available for only 44*
Materials
The verbal materials consisted of signal words, word trigrams consisting of three CVCs, and five-digit random numbers. All of the verbal materials were typed in standard elite type. The signal words were the words "READY," "RECALL," and "STOP." They were typed in capital letters upon colored backgrounds made from red and green acetate to make these words appear different from the CVC trigraras.
The CVC trigrams were randomly selected from a list of all 
Procedure
The stimuli were presented to all Ss on the same memory drum. Each stimulus item was exposed for 2 seconds. The complete procedure for each S consisted of seven blocks of trials with two trials in each block. All blocks of trials were separated by a 5-minute rest interval. Based on the findings of Loess and Waugh (1967) it was assumed that no PI would carry over from one block of trials to the following block after 5 minutes. All blocks of trials were identicallyarranged except for the actual stimulus items which, were never presented more than once each. This arrangement pro- The sequence of ITIs presented to each S was alternated.
One sequence went from Block 1 to Block 7 with ITIs of 0, 30, 60, 90, 120, 150, and 180 seconds. The other sequence went from Block 1 to Block 7 with ITIs of 180, 150, 120, 90, 60, 30, and 0 seconds. This procedure was followed to counterbalance for practice effect. No attempt was made to control the S's behavior during the ITIs or the 5-minute rest intervals except that details of the experiment ?/ere not discussed.
Most of the Ss used these intervals to chat with the E. None of the Ss were given practice of any kind prior to the first trial.
Two experimental variables were investigated. The first was the stimuli which were presented the experimental and control Ss prior to the trigram to be recalled for Trial 1.
Following the ready signal for Trial 1, the first two stimulus items for the experimental group were word trigrams and the first two stimulus items for the control group were fivedigit random numbers. This arrangement provided identical primacy conditions for Trial 1 of the two groups with differing amounts of PI. Several investigators (Loess, 1967 (Loess, , 1968 Turvey et al., 1969; Wickens et al., 1963) have demonstrated that the effects of PI appeared when the proactive items were of the same class as the test items and that PI was absent when the proactive items were of a different class than the test items. Since the experimental group had word trigrams as proactive items for recall of a word trigram and the control group had random numbers as proactive items for the same word trigram, it was assumed that the experimental group would experience more PI than the control group.
The second experimental variable was the variation of the ITI between Trial 1 and Trial 2 within each block of trials.
This variable was introduced to test the effect of PI from
Trial 1 on recall of Trial 2 after different Ills. This procedure was for the purpose of testing the assumption that PI decreased in strength as a function of time elapsed between the PI and the recall trial. As each S arrived for the experiment the following instructions were read to the S "by a tape recording. Tne same instructions were read to all Ss. This is an experiment in short-term memory. You should find it easy and not at all unpleasant. The complete procedure will take about 50 minutes.
The apparatus you see before you is called a memory drum. Things will appear in the small window and you are to respond to them. Three kinds of things will appear in the window•* signals, words, and numbers. The signals will be the words "Ready," "Recall," and "Stop," and they will all be on colored backgrounds similar to the one you see in the window now. These are merely signals to tell you what to do. You are not to read these signals aloud-just do what they tell you.
Following the "Ready" signal, words or numbers will appear in quick succession. The words will always consist of three one-syllable words together, such as "FAB GUY LOT." The numbers will consist of five digits, such as "64837." You are to read the words and numbers aloud as they appear in the window. When the signal "Recall" appears, you are to try to remember the last three-word set you saw and repeat it aloud. You will have 6 seconds to recall the words and then the signal "Stop" will appear. No responses after the stop signal will be counted. It is very important that you read all responses aloud except the signals. If you don't remember all the words, try as best you can and say the ones you_can remember. Only the last words you saw before the series ^ of numbers are to be recalled. Try to recall the words in the same sequence as you first saw them. If you can't recall the right sequence, say the three words however you remember them.
Please stay alert for responses as long as the memory drum is running. It will be stopped occasionally for varying periods of time-some as long as 5 minutes. You are free to do as you wish during these free times, but please be ready to continue the experiment when notified. You will be given a few seconds notice before the memory drum is to be turned on each time.
To summarize^ first you will be presented a "Ready" signal. Then a series of words or numbers will appear and you are to read them aloud. Do not read the signal words. Don't worry if you can't keep up with the memory drum-just do your best. When the "Recall" signal appears, you are to try to remember the last three-word set you saw before the series of numbers. Only this last three-word set is to be recalled. Any others are not important. Speak your answer aloud and stop when the "Stop" signal appears. Now, are there any questions before we proceed with the experiment?
After the instructions were read, any questions that the S had were answered by the E. The E then emphasized that the S was to read everything aloud that appeared in the memory drum window except'the signal words.
When the memory drum was turned on for each trial, a tape recorder was also started and all of the S's verbal responses were recorded. The recording was used at a later time to score the responses. To provide for variability in scores, each trial was scored from 0 to 6 points. One point was scored for each CVC of the trigram which was correctly recalled. This allowed a total of 3 points. In addition, 1 point was scored for each CYC of the trigram which was recalled in the proper serial position in the trigram. This provided 3 additional points for a total of 6 points possible. If a CVO was pronounced incorrectly by the S the first time the CVC was read and the same incorrect pronunciation was repeated for the recall, the CYC was scored as being correct. CVCs were recorded and scored in the sequence the S repeated them unless the S inserted a space of some kind into the series. In this case, the space was counted in the sequence as a forgotten CVC of the trigram. If the S changed responses, the final response made "by the S "before the stop signal was the response which was scored.
Results
The data for Trials 1 and 2 were analyzed separately.
Data for "both trials were classified in accordance with the 'ITI which followed Trial 1 in each block of trials. This ITI could have had no effect on Trial 1 results; however, this method of grouping was used for Trial 1 data for convenience and to parallel Trial 2 presentation. The ITI did constitute an independent variable for Trial 2. Because all blocks of trials were presented in the same order for all Ss but with varying ITIs, data for the O-second ITI combined Blocks 1 and 7; data for the 30~second ITI combined Blocks 2 and 6; data for the 60-second ITI combined Blocks 3 and 5;
and data for the 90-second ITI included only Block 4. For the 120-, 150-, and 180-second ITIs, data for Blocks 5 and 3, 6 and 2, and 7 and 1 were combined respectively.
Two main effects and an interaction effect were possible for Trial 1 data. One main effect possible was a difference between retention of the experimental and control groups caused by the two proactive trigrams added to the experimental group's stimuli. A second main effect possible was a difference in retention between successive blocks of trials. This effect could be caused by a practice effect which was not overcome by the counterbalancing procedure or to some particular combination of CVCs to make stimulus trigrams which were either easier or more difficult to retain than the other combinations. An interaction between these two main effects was also possible. A 2 X 7 analysis of variance for repeated measures on one variable indicated differences for both main effects which could not be attributed to chance, and no sig- shown in Figure 2 .
The data for Trial 1 were also analyzed to determine if the difference oetween the 60-second ITI score and all other ITI scores could be attributed to a practice effect which was not overcome Dy counterbalancing or to some particular combination of CVCs to make stimulus trigrams which were more easily retained. Figure 3 presents Pig. 4-Trial 2 mean scor:
Discussion
Suggestions (Loess, 1968; Murdock, 1964; Schwartz, 1969) that a primacy effect of some kind may have caused erroneous of most short-term memory experiments. The net effect of this arrangement was to provide the primacy of a first trial with the PI of a second trial for the experimental group and a primacy of a first trial with the PI of a first trial for the control group. If a primacy effect did exist, it was very weak in causing differences between Trials 1 and 2 when compared with the strong effect that PI exerted.
When the data for Trial 1 scores were analyzed with counterbalancing eliminated, a practice effect was evident until Blocks 5, 6, and 7 were reached. Block 5 scores were higher than any other scores. The within-subjects differences found for Trial 1 were therefore interpreted as being caused by a facilitation for recall of the stimulus trigram of Block 5 of the trial series, and not by a practice effect.
This test was done primarily to determine if the counterbalancing procedure used was sufficient to control for practice effect. If a practice effect had been found, scores for the blocks of trials associated with the 0-and 180-second ITIs would have been found to be significantly lower than scores for the blocks of trials associated with the 60-, 90-, and 120-second ITIs. The only significant difference found was for the Trial 1 scores associated with the 60-second ITI.
The scores of this trial were significantly higher than scores of all of the other trials. The retention score of the trigram of Block 5 appeared to cause this increase. Inspection of the trigram, "GUM LIP JEL," showed no obvious connection among the three words which would increase retention. However, it was possible that some common cognitive relationship may have existed among the three words to facilitate recall.
The interpretation of Trial 2 scores was made on the assumption that practice effect was successfully counterbalanced.
Practice effect would not affect an interpretation of Trial 1 scores.
Examination of the results of Trial 2 scores generally supported the findings of Loess and Waugh (1967) and of Peterson and Gentile (1965) that the effects of PI from Trial 1 on Trial 2 were largely dissipated after an ITI of between 60 and 90 seconds. The Trial 2 scores were found to increase until the 60-second ITI was reached and then failed to continue increasing when a p <.01 was required. However, when a p < .05 was utilized, the change between mean scores was not so sharply defined.
With PI now strongly indicated as the responsible agent in short-term forgetting, additional research is needed to locate with more exactness the time Interval where PI ceases to affect short-term memory. The suggestion by Peterson and Gentile (1965) that the ITI might be utilized in short-term memory research to overcome problems of confounding in the use of repeated measures was supported by the findings of
